Summary. Luteal cells were obtained by digestion of luteal tissue of cyclic (day 12) and early pregnant (days 12, 20 and 30) pigs. Suspensions of the dispersed luteal cells (5 x 104 cells ml \m=-\1) were incubated for 2 h in minimum essential medium (MEM) alone (control) and MEM with different concentrations of prostaglandin FF2\ g=a\(PGF2\g=a\) and PGE2 (0\m=.\01,0\m=.\1,1, 10, 100 and 1000 ng ml \m=-\1) and luteinizing hormone (LH) 100 and 1000 ng ml\m=-\1, or with combinations of LH+ PGF2\g=a\and LH + PGE2. Net progesterone production was measured in the incubation media by direct radioimmunoassay.
Introduction
The mechanisms regulating the function of the corpus luteum during early pregnancy in pigs are not fully understood, but it is generally accepted that uterine prostaglandins influence luteal lifespan in pigs (Anderson & Melampy, 1967; Gleeson et ai, 1974; Moeljono et al., 1976 Moeljono et al., , 1977 and other species (Bazer et al., 1982) . The pig corpus luteum seems to be refractory or insensitive to the luteolytic effect of exogenous prostaglandin F2o (PGF2ct) during the first 12 days of the oestrous cycle in vivo (Hallford et ai, 1974; Guthrie & Polge, 1976; Krzymowski et ai, 1976 Krzymowski et ai, , 1978 Bazer et al., 1982) , presumably owing to the small number of luteal PGF2a receptors (Gadsby et al., 1990 ). An inhibitory effect of PGF2a, however, appears at about the time of luteolysis (day [11] [12] [13] in nonpregnant pigs (Guthrie & Polge, 1976; Moeljono et al., 1976 Moeljono et al., , 1977 . During early pregnancy, days 13-17, endogenous uterine PGF2u secretion into the uterine vein is reduced (Gleeson et ai, 1974; Moeljono et ai, 1977) , and luteal PGF2a receptor concentrations are considerably lower than in nonpregnant pigs (Gadsby et ai, 1990) . However, the corpus luteum of cows *Present address and address for correspondence: Dept of Animal Science, University of Alberta, Edmonton, Alberta, Canada T6G 2P5. (Shemesh & Hansel, 1975; Milvae & Hansel, 1983; Pate, 1988) , ewes (Rexroad & Guthrie, 1979) , women (Challis et al., 1976) , mares (Watson & Sertich, 1990) , monkeys (Johnson et al., 1988; Ottobre et al., 1989) , rabbits (Schlegel et al., 1988; Schlegel & Daniels, 1989) and cyclic (Patek & Watson, 1976; Walker et al., 1977; Guthrie et al., 1978) or pregnant pigs (Watson & Patek, 1979; Guthrie & Rexroad, 1981) can synthesize prostaglandins.
Locally produced prostaglandins could play a role in regulating luteal function and may have an impact on luteal steroidogenesis (Fitz et al., 1984a, b; Hahlin et al., 1988; Pate & Nephew, 1988; Alila et al., 1988; Wiltbank et al., 1989 Wiltbank et al., , 1990 ). PGF2u has a direct antisteroidogenic effect only on large ovine luteal cells, which is mediated through the phospholipase C -protein kinase C, second messenger pathway (Wiltbank et al., 1989 (Wiltbank et al., , 1990 . Other prostaglandins, such as E2, I2 and D2 are also produced by luteal tissue and prolong the lifespan of the corpus luteum in ewes (Huecksteadt & Weems, 1978) , cows (Milvae & Hansel, 1983; Alila et al., 1988) and humans (Bennegard et al., 1990) . Prostaglandin E2 (PGE2) also counteracts the effects of PGF2a in indomethacin-treated cyclic gilts (Akinlosotu et al., 1986 (Akinlosotu et al., , 1988 , but the mechanism of action of prostaglandins on luteal function in pigs is still unknown.
It is well established that the corpus luteum of the oestrous cycle of pigs does not require gonadotrophic support after the preovulatory surge of luteinizing hormone (LH) (Sammelwitz et al., 1961; Anderson & Melampy, 1967) and treatment of gilts with LH antiserum during the luteal phase does not disrupt luteal function (Spies et al., 1967) . The pig corpus luteum is not highly responsive to LH (Cook et al., 1967) in contrast to the corpus luteum of ruminants. However, it has been reported that LH may stimulate hydrolysis of phosphatidylinositol in isolated luteal membranes of pigs (Allen et al., 1988) . Interaction between the two signal transducing systems cAMP and inositol may be important in the integrated control of luteal function. (experimental treatments) . At the end of incubation, cells were sedimented by centrifugation at 1000 g for 10min and medium was stored at -20°C until estimation of net progesterone accumulation by radioimmunoassay (Foxcroft et al., 1987) . The intra-and interassay coefficients of variation were 5-3 and 15-8%, respectively; assay sensitivity was 20 pg per tube.
Experimental treatments
Treatments across all groups were prostaglandins F2(1 or E2 (both from Sigma) at 0, 001, 01, 1, 10, 100 and or PGE2 and LH. Additionally, PGF2a and PGE2 each at equal concentrations of 10, 100 and 1000 ng ml ' were added to incubation tubes. Experimental treatments were performed in duplicate for each pig.
Statistical analysis
The experiment was analysed using split-plot analysis of variance (Steel & Torrie, 1980 The results provide preliminary evidence for an interaction between equal concentrations of PGF2(1 and PGE2 affecting progesterone production by luteal cells (Fig. 3) . When data for all groups were combined, there were significant interactions (P < 0 001) between PGF2(l and PGE2 at doses of 10, 100 and 1000 ng ml" ' incubation medium except on day 30 of pregnancy.
Discussion
This study showed that PGF2(I stimulates progesterone production in vitro by luteal cells of midluteal phase and early pregnant pigs. We suggest that this stimulatory effect could be mediated through the low-affinity receptors present on small luteal cells (Gadsby et al., 1990) (Davis et al., 1987 (Davis et al., , 1989 (Bazer et al., 1982) by prostaglandins of luteal origin, as suggested by Rothchild (1981) . Guthrie & Rexroad (1981) demonstrated that the peak of PGF2a secretion during the late luteal phase in nonpregnant pigs usually occurs after the initial decrease in plasma progesterone. The results from studies in vivo (Bazer et al., 1982) showed that peripheral progesterone in the blood decreased to 10-25 ng ml"1 on days 20-30 of pregnancy, whereas prostaglandin concentrations in the utero-ovarian vein were very low and similar to those in hysterectomized pigs (King, 1990) . The extent of the initiation of a transient period of luteo¬ lysis in early pregnancy would not be expected to mimic fully the changes seen during the oestrous cycle due to: (i) the considerably smaller number of PGF2(1 receptors on the corpus luteum of pregnant compared with nonpregnant pigs (Gadsby et al., 1990) , (ii) the lack of luteolytic factors from the uterus, as it is well documented that during pregnancy uterine PGF2a is sequestered in the uterus (Bazer et al., 1982) and (iii) it is likely that the corpus luteum would already have received luteotrophic support of embryonic (Dhindsa & Dziuk, 1968; Ball & Day, 1979 ; Van der Meulen et al., 1988) or pituitary (Brinkley et al., 1964, authors' unpublished observations) origin.
Unfortunately, we do not know the origin of prostaglandins within the pig corpus luteum in vivo or within luteal cell suspensions in vitro, or what regulates the synthesis and balance of these arachidonate metabolites. These issues are currently under investigation. If we assume that the luteal production of prostaglandins could be the physiological signal triggering a transient luteolysis in early pregnancy, then the corpus luteum has to be rescued for pregnancy to continue in pigs. It has been suggested (Hahlin et al., 1988; Bennegard et al., 1990) that the hormone that rescues or protects the corpus luteum from the luteolytic effects of PGF2ll during early pregnancy is PGE2 in humans (Balmaceda et al., 1981) . The role of PGE2 in corpus luteum function during early preg¬ nancy of pigs is unknown. However, PGE2 can counteract the luteolytic effect of PGF2a, since chronic intrauterine infusions of PGE2 from day 7 in cyclic gilts (Akinlosotu et al., 1986 (Akinlosotu et al., , 1988 , and day 9 in cows (Giménez & Henricks, 1981) and ewes (Pratt et ai, 1979) , inhibits luteolysis, main¬ tains luteal progesterone production and prolongs the oestrous cycle. Shelton et al. (1990) Our studies also demonstrated that LH and prostaglandins F2a and E2 interact to inhibit progesterone production by pig luteal cells. Shelton et al. (1990) showed that low concentrations of PGE2 (0-01 -10 ng ml~' ) inhibit progesterone production stimulated by lower doses of LH (01 ng ml"1), but this was overcome by higher concentrations of PGE2 (> 100ng ml"1). In addition higher doses of LH did not inhibit the effect of low doses of PGE2 upon progesterone synthesis.
Nevertheless, PGE2 was as efficient as PGF2(1 in inhibiting LH stimulated progesterone synthesis in dispersed rat luteal cells (Thomas et ai, 1978) . A similar antagonistic effect of PGE2 on human chorionic gonadotrophin stimulation of luteal cells from rhesus monkeys has been reported (Stouffer et al., 1979) . Finally, LH and PGF2(1 interact in large luteal cells of cows to produce Ca2 + concentrations that are higher than the sum of Ca2+ produced by each hormone separately (Alila et ai, 1989) . Results reported here and in other studies indicate that the interaction of the two intracellular second messenger pathways (LH and prostaglandins) has a negative effect on progesterone production by luteal cells. This conclusion is further supported by the work of Davis et al. (1987 of Davis et al. ( , 1989 who showed that LH can activate the inositol phospholipid-phospholipase C signalling system in bovine luteal cells.
It is generally recognized that LH is a luteotrophic hormone in many species and its effect is mediated through an intracellular cAMP mechanism, but the luteotrophic influence of LH on the pig corpus luteum is still uncertain. Ekstrom & Hunzicker-Dunn (1990) demonstrated that pig luteal membranes were resistant to in vitro, hormone-induced, desensitization of LH/hCG respon¬ sive adenylyl cyclase when compared with follicular membranes; hormonal stimulation was readily observed by extracting the membranes with urea, and GTP was required during the assay. They also suggested that some auxiliary factor in the corpus luteum could be responsible for the resistance of pig luteal adenylyl cyclase to desensitization.
In this study, the effect of LH alone on progesterone production was not consistent across the groups and was dose dependent only on day 12 of pregnancy. This supports the suggestion of Ekstrom & Hunzicker-Dunn ( 1990) that the activity of LH receptors, or changes in the classes of LH/ hCG receptors, may be of critical importance in regulating the response to gonadotrophic stimu¬ lation. It is also in agreement with our unpublished observation that incubation conditions and the physiological state of the ovary (i.e. day of pregnancy) play important roles in responsiveness to LH.
